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ABSTRACT
This study introduces a new global climate model—the Integrated Climate Model (ICM)—developed for the seasonal
prediction of East Asian–western North Pacific (EA–WNP) climate by the Center for Monsoon System Research at the
Institute of Atmospheric Physics (CMSR, IAP), Chinese Academy of Sciences. ICM integrates ECHAM5 and NEMO2.3 as
its atmospheric and oceanic components, respectively, using OASIS3 as the coupler. The simulation skill of ICM is evaluated
here, including the simulated climatology, interannual variation, and the influence of El Niño as one of the most important
factors on EA–WNP climate. ICM successfully reproduces the distribution of sea surface temperature (SST) and precipitation
without climate shift, the seasonal cycle of equatorial Pacific SST, and the precipitation and circulation of East Asian summer
monsoon. The most prominent biases of ICM are the excessive cold tongue and unrealistic westward phase propagation of
equatorial Pacific SST. The main interannual variation of the tropical Pacific SST and EA–WNP climate—El Niño and the
East Asia–Pacific Pattern—are also well simulated in ICM, with realistic spatial pattern and period. The simulated El Niño
has significant impact on EA–WNP climate, as in other models. The assessment shows ICM should be a reliable model for
the seasonal prediction of EA–WNP climate.
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1. Introduction
Seasonal climate prediction is a challenging task and has
important social and economic impacts (e.g., Huang, 2006;
Huang et al., 2007). The seasonal prediction of East Asian–
western North Pacific (EA–WNP) climate is increasingly
dependent on atmosphere–ocean coupled general circulation
models (AOGCM). However, state-of-the-art atmospheric
general circulation models (AGCM) and AOGCMs possess
marked systematic biases in reproducing the EA–WNP climate, including the climatological mei-yu rainband, circulation, and interannual variation (e.g., Brown et al., 2013;
∗
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Sperber et al., 2013; Song and Zhou, 2014).
To provide model results that support the seasonal prediction of the EA–WNP climate, a new AOGCM, the Integrated Climate Model (ICM), has been under ongoing development since 2008 at the Center for Monsoon System Research, Institute of Atmospheric Physics (CMSR/IAP), Chinese Academy of Sciences. This new model integrates the
Hamburg Atmospheric General Circulation Model Version
5 (ECHAM5) (Roeckner et al., 2003) and the Nucleus for
European Modeling of the Ocean Version 2.3 (NEMO 2.3)
(Madec, 2008) using the Ocean Atmosphere Sea Ice Soil Version 3 (OASIS3) (Valcke, 2006) as the coupler. At its current
stage, ICM has steadily integrated 1500 years without climate
shift. In this study, we introduce the framework and configuration of the first version of ICM, and evaluate its simulation
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skill through comparison with observations.
Because the primary goal of ICM is to improve the seasonal prediction of the EA–WNP climate, we evaluate in detail its simulation skill in this regard by examining its reproduction of the climatology and interannual variation of
the regional EA–WNP climate and its connection with preceding El Niño events, one of the most important prediction
factors. The main challenge in simulating the EA–WNP climate is a deficiency in the mei-yu rainband (Du et al., 2010;
Song and Zhou, 2014). Models find it hard to reproduce the
dominant interannual pattern of the EA–WNP summer climate, the East Asia–Pacific (EAP) pattern, or the Pacific–
Japan (PJ) pattern, characterized by a meridional dipole pattern of a positive/negative rainfall anomaly associated with
a cyclonic/anticyclonic circulation anomaly (Huang and Li,
1987; Nitta, 1987). As many studies suggest, the interannual
pattern of the EA–WNP climate is dominated by the thermal
status of the tropical Indo-Pacific Ocean associated with El
Niño events (Huang and Wu, 1989; Zhang et al., 1996; Zhang
et al., 1999; Wang et al., 2003; Huang et al., 2004; Huang
and Huang, 2009; Xie et al., 2009; Huang and Huang, 2010).
Thus, the present study also evaluates the regional climate of
the tropical Pacific.
The anomalous western Pacific anticyclone is believed
to be a bridge for the impact of El Niño events on EA–
WNP climate anomalies. Wang et al. (2003) suggested a local air–sea positive feedback in which negative SST anomalies suppress local convection and trigger low-level anticyclone anomalies through emanating descending atmospheric
Rossby waves, which in turn enhance negative SST anomalies on its southeast flank through evaporation under northeasterly trade winds. This local positive feedback mechanism can amplify the El Niño-triggered WNP anomalous anticyclone. Another mechanism, known as the tropical Indian
Ocean (TIO) capacitor effect, emphasizes the bridging role
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of the TIO (Xie et al., 2009). The warming of the TIO induced by El Niño events can persist through summer and emanate a warm Kelvin wave into the equatorial western Pacific, inducing northeasterly surface wind anomalies on the
northern flank. The surface friction-induced subtropical divergence suppresses convection over the WNP and leads to
an anomalous anticyclone in the lower troposphere. Therefore, the relationship between El Niño events and EA–WNP
climate and the impact mechanism are further evaluated.
This paper is organized as follows. The model framework
is described in section 2. The observational data and method
are introduced in section 3. The climatology and interannual
variation simulated in ICM are evaluated in sections 4 and 5,
respectively. The influence of El Niño on the EA–WNP climate in the simulation is presented in section 6. And finally,
a summary and discussion of the key findings of the study are
presented in section 7.

2. Model
The first version of the ICM is a coupled atmosphere–
ocean–sea ice model without flux adjustment. A schematic
diagram of ICM is shown in Fig. 1. ICM consists of the
ECHAM5 atmospheric model, the NEMO 2.3 oceanic and
sea ice model, and the OASIS3 coupler. The framework of
ICM is similar to the Kiel Climate Model (KCM) and SINTEX (Gualdi et al., 2003; Luo et al., 2005). ECHAM and
NEMO were chosen as the atmospheric and oceanic components because they demonstrate high skill in simulating
global general circulation and the EA–WNP regional climate,
and existing coupled models already employing them show
good stability and usability (Gualdi et al., 2003; Luo et al.,
2005). OASIS3 is a universal coupler and has been used in
many coupled models (Valcke, 2006).
ECHAM5, the fifth version of the European Centre for

Fig. 1. Schematic diagram of ICM.
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Medium-Range Weather Forecasts (ECMWF) model developed by the Max Planck Institute for Meteorology, is a
spectral model with state-of-the-art physics (Roeckner et al.,
2003, 2006). ECHAM5 shows strong performance in reproducing the climatological precipitation and interannual pattern of East Asian summer monsoon (e.g., Song and Zhou,
2014). The low-resolution version (T31; horizontal resolution: 3.75◦ × 3.75◦; vertical resolution: 19 levels) of
ECHAM5 is used in the first version of ICM. ECHAM5
has developed some higher-resolution versions, and thus the
model resolution can be easily improved in future versions of
ICM. More details about ECHAM5 can be found in Roeckner
et al. (2003).
NEMO 2.3 includes the Ocean Parallelise Version 9
(OPA9) ocean general circulation model (OGCM), developed
by the Institut Pierre-Simon Laplace (IPSL) (Madec, 2008),
and the Louvain-la-Neuve Ice Model Version 2 (LIM2) sea
ice model, developed by Louvaine-la-Neuve (Fichefet and
Maqueda, 1997). The ocean component, OPA9, is a finite difference OGCM and an Arakawa C-grid is used to solve the
primitive equations. OPA9 uses a global orthogonal curvilinear ocean mesh to move the mesh poles to the Asian and
North American continents for avoiding the singularity point
problem in the computational domain. The horizontal grid of
NEMO uses an ORCA2 grid with a horizontal grid resolution of 182 (lon) ×149 (lat) (around 2◦ at high latitudes and
an enhanced meridional resolution of 0.5◦ close to the equator) and 31 vertical levels to a depth of 5250.23 m with 10
levels in the top 100 m. NEMO calculates vertical eddy diffusivity and viscosity coefficients using a 1.5 turbulent closure scheme, allowing explicit mixed layer formulation and
minimum diffusion in the thermocline. More details about
NEMO can be found in Madec (2008).
The OASIS3 coupler is used for communication between
ECHAM5 and NEMO in ICM (Valcke, 2006). Seventeen
variables including wind stress, surface heat flux and freshwater flux are transferred from ECHAM5 to NEMO, while
six variables including sea surface temperature, fraction, temperature and albedo of sea ice, and surface ocean current
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speed are transferred from NEMO to ECHAME5 (Fig. 1).
The vector of wind stress is passed to NEMO for two grids,
the u grid and v grid of ORCA2. Bilinear interpolation is
used to re-grid the variables exchanged between NEMO and
ECHAM5 grids during the transfer process in OASIS3. The
vector variables are rotated during transfer, because the grid
directions are different in NEMO and ECHAM5. The time
steps of the atmospheric and oceanic models are both 2400
seconds. The coupling frequency is once per 4 hours (six
time steps).

3. Data and method
The datasets used for evaluating the model simulation include SST from the Hadley Center (HadISST) (Rayner et al.,
2003), large-scale atmospheric circulation from the National
Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis (Kalnay et
al., 1996), and precipitation from the Global Precipitation
Climatology Project (GPCP) (Adler et al., 2003). The model
SST and atmospheric variables are re-gridded to the grid of
HadISST (1◦ × 1◦ ) and the grid of NCEP/NCAR reanalysis
data (2.5◦ × 2.5◦ ), respectively. A section of 100 years in
the model is randomly selected after a 1000-year steady simulation to be compared with the observations for the period
from 1981 to 2010. The climatologies in the model and observations are defined as the long-term mean of the aforementioned 100 years and 30 years, respectively. The interannual
anomalies are defined as the deviation from the climatology.
All analyses are based on these time periods unless otherwise
specified.

4. Climatology
Figure 2 shows the time series of global mean SST in the
1500-year free-coupled integration of ICM. The global mean
SST is stable at 18.36◦C ± 0.04◦C after the first year, indicating no remarkable climate drift in the coupled integration.

Fig. 2. Time series of the global mean SST (◦ C) for the period from model year 1 to 1500. The
time points are shown at an interval of 10 years and each time point represents the mean of 10
years around this point.
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The simulated spatial pattern of SST for the seasonal
mean [June–August (JJA) and December–February (DJF)] is
compared with HadISST observations (Fig. 3). The common
bias of SST is around 1◦ C–2◦ C (Figs. 3e and f). The main
bias in the tropics is an excessive cold tongue that extends too
far west into the western Pacific, which is also a common bias
in KCM, SINTEX, and other AOGCMs (Gualdi et al., 2003;
Luo et al., 2005; Park et al., 2009; Zheng et al., 2012; Li
and Xie, 2014). The simulated excessive cold tongue could
be attributed to the too strong zonal heat advection induced
by the too strong trade winds (Zheng et al., 2012). We also
find a warm bias along the east coast of South America, North
America, and Africa, as in many CGCMs (Davey et al., 2002;
Park et al., 2009), possibly due to the defective description of
coastal upwelling. The simulated SST in ICM has no great
bias in the midlatitudes of the North Atlantic, which is also
obtained in KCM with the same model framework (Park et
al., 2009).
The distribution of simulated precipitation is compared
with GPCP observations in Fig. 4. The simulated tropical
precipitation reproduces the main characteristics without the
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apparent double-ITCZ problem common in many AOGCMs
(e.g., Mechoso et al., 1995; Ma et al., 1996; Li and Xie,
2014). One conspicuous bias is insufficient precipitation over
the equatorial central Pacific, with overestimated precipitation over the flanks (around 10◦ ), which must be associated
with the excessive cold tongue (Li and Xie, 2014). The simulated precipitation reproduces a quite realistic subtropical
rainband over East Asia and North America (Fig. 4).
The seasonal cycle of equatorial Pacific SST has great importance to the development of El Niño in both observations
and models (e.g., Wang and Picaut, 2004; Guilyardi, 2006),
but its simulation exhibits systematic errors in many models
(Latif et al., 2001; Guilyardi, 2006). In Fig. 5, the simulated
seasonal cycle—deviation from the annual mean—of equatorial Pacific SST agrees well with the observations, including
the realistic strength, the westward phase propagation, and
the annual (semi-annual) cycle over the eastern (western) Pacific. The two main discrepancies between the model and
observations are the discontinuous westward phase propagation in the model and the simulated boundary of the annual
and semi-annual cycle being at around 180◦ east of the ob-

Fig. 3. Distribution of the (a, b) modeled and (c, d) observed SST (◦ C) in JJA and DJF for the periods as defined
in section 2, and (e, f) their differences.
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Fig. 4. The same as Fig. 3, but for precipitation.

served boundary at around 160◦E. Some white bands in Fig.
5a representing missing values are induced by the model’s
low horizontal resolution. Because of the low model resolution, several oceanic grids near islands, with real values in the
observed high-resolution HadISST (Fig. 5b), are inaccurately
regarded as land and assigned to missing values.
For the EA–WNP climate, the simulation of the monsoon
system, including precipitation and circulation, is the most
important indicator of a model’s skill over this region (Du et
al., 2010; Sperber et al., 2013; Song and Zhou, 2014). The
simulated EA–WNP climate by ICM is shown in Fig. 6a. The
summer (JJA mean) mei-yu rainband is well simulated, with
a realistic pattern and strength. However, the WNP anticyclone is overestimated, which induces the oceanic part of the
mei-yu rainband to be located north of the observations.

5. Interannual variation
The dominant interannual variation of the EA–WNP climate is the EAP pattern (Huang and Li, 1987) or the PJ pattern (Nitta, 1987; Kosaka and Nakamura, 2006), which is
closely associated with the interannual anomaly of the EA–

WNP climate (e.g., Huang et al., 2007). As in Kosaka et al.
(2013), the EAP pattern is calculated by first performing empirical orthogonal function (EOF) analysis on the summermean (JJA) 850-hPa vorticity anomaly (0◦ –60◦ N and 100◦–
160◦E), and then the principal component of the EOF’s first
mode is regressed on the precipitation and 850-hPa wind
anomaly (the anomaly is based on the periods described in
section 2 for the model and observations). The meridional
structure of the EAP pattern, the meridional positive/negative
rainfall pattern associated with the cyclonic/anticyclonic circulation pattern, is well described in the model compared to
the observations (Figs. 6c and d). The magnitude of simulated precipitation is approximately the same as that in the
observation. This performance of ICM is quite favorable
with respect to most models in CMIP3 and CMIP5 (Song
and Zhou, 2014). However, the magnitude of simulated wind
shows great discrepancy with the observation. The observed
wind anomalies associated with the EAP are stronger at lower
latitudes than at higher latitudes, whereas the simulated wind
anomalies are stronger at higher latitudes (Figs. 6c and d).
The dominant interannual variation of global climate is
the variation of tropical Pacific SST associated with ENSO
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Fig. 5. (a) Modeled and (b) observed seasonal cycle of SST deviation from the annual mean (◦ C) over the equatorial
Pacific.

Fig. 6. (a) Modeled and (b) observed climatological precipitation and 850-hPa wind over the EA–WNP in
summertime (JJA), and the (c) modeled and (d) observed East Asia–Pacific (EAP) pattern in JJA.
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(e.g., Wang and Picaut, 2004; Deser et al., 2010). Figure
7 shows the simulated interannual variance, variance-period
spectra, and regression onto the Niño3 index of tropical Pacific SST. The strength and pattern of the simulated interannual variance of the tropical Pacific SST anomaly (SSTA) are
consistent with observations (Figs. 7a and b). The two discrepancies, i.e., the simulated interannual variance extending
farther west than the observations and the variance along the
east coast of South America being weak, are similar to what
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has been found in KCM (Park et al., 2009), which could
be associated with the biases of climatology. Niño3 index,
defined as the regional-mean SSTA for 5◦ S–5◦ N and 90◦ –
150◦W, is used to represent the temporal variation of El Niño
events. The spectrum of Niño3 index in the model is similar to the observations in terms of variance and period (Fig.
7c). The dominant variation is at a period of 3 years in the
model—less than that in the observations (around 4 years).
The simulated Niño3 index has much weaker variability at
lower frequency than in the observation, indicating the current version of ICM has low skill in presenting the interdecadal variation. The regression of tropical Pacific SST
onto the Niño3 index represents the spatial pattern of SSTA
in El Niño events (Figs. 7d and e). The simulated SSTA
pattern captures the well-known El Niño pattern (Rasmusson
and Carpenter, 1982). The bias in the SSTA pattern occurs
over similar places to the bias in the SSTA standard deviation
(Figs. 7a and b). Compared with the observation, the simulated warm tongue in El Niño3 events extends too far west,
which leads to a weak cooling in the western Pacific. The reasonable variance and period of Niño3 index with the spatial
pattern of tropical Pacific SSTA shows ICM can reproduce El
Niño events reasonably well.

6. Influence of El Niño on East Asian–western
North Pacific climate

Fig. 7. Standard deviation of interannual variability of tropical
Pacific SST in (a) the model and (b) observations. (c) Varianceperiod spectra of Niño3 index in the model and observations.
Regression of tropical Pacific SSTA onto the Niño3 index in (d)
the model and (e) observations. The results of the model and
observations are based on the model-year period of 1001–1100
and 1911–2010, respectively.

We use DJF-mean Niño3 index to denote the interannual
variation of ENSO. Figures 8a and b show the model and observed JJA EA–WNP rainfall and 850-hPa wind anomalies
regressed on normalized DJF(0) Niño3 index. DJF(0) represents the DJF mean of the last year. In the observations, anticyclone anomalies occur over the WNP and cyclone anomalies in the midlatitudes extending from northeast China to
Japan. Associated with the dipole wind anomalies, the rainfall anomalies over the EA–WNP also display a dipole structure, with more (less) rainfall in the north (south) flank of
the WNP anomalous anticyclone. The results show that the
WNP summer monsoon is suppressed while the mei-yu front
is enhanced, consistent with previous observational analyses
(Zhang et al., 1996; Zhang et al., 1999; Wang et al., 2003).
The dipole wind and rainfall anomalies over the EA–WNP
in the El Niño decaying summer can basically be obtained
in the model as they are in the observations (Figs. 8a and
b), although the simulated cyclone anomalies in the midlatitudes are weaker than in the observations. Both in the model
and the observations, the enhanced southwest winds in the
west flank of the WNP anomalous anticyclone can induce a
positive rainfall anomaly in China in that part of the anticyclone. Compared to observations, the model dipole rainfall
and wind anomalies are more significant in the east relative
to the west, which could be attributed to the overestimated
equatorial rainfall anomalies around 160◦E in the model. The
bias of circulation and rainfall is possibly related to the unrealistic simulation of El Niño3-related SST anomalies. Figures 8c and d show the correlation map of JJA SST with
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Fig. 8. Correlation of JJA precipitation (colors) and 200-hPa potential height (contours) with DJF(0) Niño3
index, and regression of 850-hPa wind (vectors) onto DJF(0) Niño3 index in the model and observations
(upper panels). Correlation of JJA SSTA with DJF(0) Niño3 index in the model and observations (lower
panels).

Fig. 9. (a) Modeled and (b) observed correlation (contours) between
zonal-mean tropical Indian Ocean SST (40◦ –100◦ E) and the DJF Niño3
index, and regression (vectors) of zonal-mean 850-hPa wind upon the
Niño3 index, as a function of calendar month and latitude.

DJF(0) Niño3 index in the model and observations. We can

see that the model is able to reproduce realistic SST anoma-
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!
(5◦ –20◦ N) 850-hPa

Fig. 10. (a) Modeled and observed regression of meridional-mean
winds and correlation coefficients of meridional-mean SST with DJF(0) Niño3 index, as a function of calendar month
and longitude.

lies in most regions except the equatorial western Pacific,
where there is an unrealistically strong SST warming center,
which could lead to the overestimated rainfall and eastward
shift of the northwest Pacific anomalous anticyclone. The
unrealistic SST anomalies in turn are possibly related to the
overly westward extension of the El Niño warm tongue in the
model.
Regarding the impact mechanism of El Niño on EA–
WNP climate in the model, the TIO capacitor effect is first examined. Figure 8 shows the correlation of JJA 200-hPa potential height with the DJF(0) Niño3 index (contours). In the observations, the 200-hPa height anomalies display a Matsuno–
Gill pattern over the TIO and western Pacific, with a Kelvin
wave trough in the equatorial western Pacific and two Rossby
tails in the western Indian Ocean (Xie et al., 2009). The
model can reproduce the Kelvin wave trough over the equatorial western Pacific. Over the TIO, although the two Rossby
tails are not obvious, the 200-hPa heights are above normal.
The results suggest that the model can reproduce the ENSOrelated circulation anomalies over the TIO and western Pacific. Furthermore, the evolution of SST and 850-hPa wind
anomalies in the El Niño decaying year are examined in Fig.
9. The observed maximum SST anomalies persist from January to May in the south TIO and extend north in JJA. The
south TIO SSTA is induced by the El Niño-related downwelling oceanic Rossby wave and atmospheric bridge effect.
In MAM, there are equatorial asymmetric wind anomalies
over the TIO—westerly (easterly) wind in the south (north)
TIO—which favor north TIO warming by reducing the climatological westerly winds. The easterly anomaly can persist to
JJA and maintain the TIO warming to summer. In the simulation, the ENSO-related SST and wind anomalies pattern
is the same as in the observations, including the persistent
SST warming, the equatorial antisymmetric wind anomalies

in MAM, and the easterly anomalies in JJA. These results indicate the model possesses high skill in reproducing the TIO
capacitor effect.
The local air–sea interaction mechanism is examined in
Fig. 10. Figures 10a and b compare the correlation (regression) of zonal averages of SST (850-hPa wind anomalies)
with (onto) DJF(0) Niño3 index between the observations
and model. The observed El Niño-related wind anomalies
are characterized by an anticyclonic shear over the WNP
from January to July, associated with positive (negative) SST
anomalies under the west (east) flank of the anticyclone. In
the model, the anticyclonic shear wind anomalies and east–
west SSTA dipole only persist until May, which is shorter
than in the observations. In JJA, such air–sea positive feedback does not exist, which is consistent with most coupled
models in CMIP5 (Hu et al. 2014). The possible reasons
for weak air–sea positive feedback in coupled models needs
further investigation.
Overall, the model demonstrates good skill in reproducing the anomalies of EA–WNP summer climate during the
decaying years of El Niño events. The simulated impact
mechanism of El Niño on the EA–WNP summer climate is
dominated by the Indian Ocean capacitor effect, as in observations (Xie et al., 2009).

7. Summary and discussion
The present study introduces a new atmosphere–ocean
general coupled model, ICM, developed by CMSR/IAP for
the seasonal prediction of the EA–WNP climate. ICM uses
ECHAM5 and NEMO 2.3 as the atmospheric and oceanic
components, respectively, coupled by OASIS3. The first version of ICM is a low-resolution version, with a horizontal resolution of 3.75◦ × 3.75◦ for the atmospheric component and
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around 2◦ for the oceanic component. The model has steadily
integrated up to 1500 years without climate shift.
The climatology, seasonal cycle and interannual variation
of the simulation are evaluated. The model can reproduce a
realistic distribution of seasonal SST, with a 1◦ C–2◦ C bias
relative to observations in the tropics. The seasonal cycle of
equatorial Pacific SST—a common challenge of AOGCMs—
is also reasonably simulated, although the westward phase
propagation of tropical SST is not accurately described. The
main biases of ICM are the excessive cold tongue associated
with the deficient precipitation over the central Pacific, as in
many other models. The dominant interannual pattern of the
tropical Pacific, El Niño events, is reproduced with a realistic spatial pattern, variance and period, whereas the interdecadal variation of tropical Pacific SST is underestimated in
the model.
The mei-yu rainband of East Asian summer monsoon is
another challenge for AOGCMs. ICM successfully reproduces the main characteristics of the mei-yu rainband with
realistic pattern and strength. The dominant interannual pattern of East Asian summer monsoon, the EAP (or PJ) pattern, including its meridional structure and strength, can also
be simulated by ICM. The simulated meridional dipole of
the EAP pattern has a quite realistic positive/negative distribution of precipitation anomaly, whereas the simulated cyclonic/anticyclonic circulation anomaly associated with the
EAP pattern is stronger at higher latitudes than at lower latitudes, which is different from the observations.
The observed dipole wind and rainfall anomalies, the anticyclone (cyclone) anomalies over the low-latitude (midlatitude) WNP, during the decaying period of El Niño events,
can be well reproduced in the model. Even at the west flank
of the dipole anomalies, the simulated rainfall anomalies in
China are also highly consistent with observations. This result shows the model possesses good skill in simulating the
influence of El Niño on the EA–WNP climate. The evolution
of the two impact mechanisms—the local air–sea interaction
effect and the TIO capacitor effect—shows that the model can
reproduce the process of the TIO capacitor effect but not the
local air–sea interaction effect. In the model, the TIO warming induced by the TIO antisymmetric wind and atmospheric
teleconnection associated with El Niño can persist to summer
and induce the WNP anticyclonic anomalies by emanating a
warm Kelvin wave into the equatorial western Pacific, as in
observations (Xie et al., 2009); whereas, the simulated anticyclonic shear wind anomalies and east–west SSTA dipole
cannot persist to JJA, as suggested by the local air–sea interaction mechanism (Wang et al., 2003). This result, as in most
CMIP5 models, indicates that the TIO capacitor effect is the
dominant mechanism in the simulated influence of El Niño
on EA–WNP climate.
The evaluations show ICM can successfully simulate the
main characteristics of interannual variation of tropical Pacific SST and the EA–WNP summer monsoon, and reproduce
their connection mechanism. They indicate the current version of ICM possesses good simulation skill and is a reliable
AOGSM for the seasonal prediction of EA–WNP climate.

Although the current version of ICM successfully reproduces a lot of important aspects associated with the EA–WNP
climate anomaly, some crucial biases still exit. The most important problems that should be addressed are the excessive
cold tongue and the unrealistic westward phase propagation
of equatorial Pacific SST, which could lead to unrealistic development of El Niño events and thus decrease the skill of
seasonal climate prediction. As suggested by previous studies, the excessive cold tongue is coupled with the deficient
precipitation and surface easterly wind bias, and arises from
the air–sea coupled Bjerknes feedback (Zheng et al., 2012; Li
and Xie, 2014). A similar bias in SINTEX, whose framework
is the same as ICM, was reduced by including the westward
ocean current to calculate the easterly wind stress (Luo et al.,
2005). Without this process, the surface easterly wind stress
and cold tongue will be significantly overestimated due to
the Bjerknes feedback. Therefore, using more realistic air–
sea coupling physics should be our next step to improve the
model.
Although the primary goal in developing ICM is to apply
it to the seasonal prediction of EA–WNP climate, our evaluation of its skill in this regard also shows that it can be used
in broader climate studies, such as the impact mechanism of
tropical SSTA on EA–WNP climate, the interannual variation
of EA–WNP climate, and EA–WNP climate change under
global warming.
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